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@ Semiconductor memory device. 



in 

CM 



@ According to this invention, a semiconductor 
memory device includes N M-port RAMs (where 
each of M and N is a positive integer of not less 
than two), a data input terminal. N x (M*1) read 
address terminals, a write address terminal, and N x 
(M-1) data output terminals. The N M-port IHAMs are 
operated in synchronization with a common clock 
signal. The data Input terminal commonly inputs 
write data to data input terminals of the M-port 
RAMs. The N x (M-1) read address terminals In- 
dependently input read addresses to first to (M-1)th 
port address terminals of the M-port RAMs. The 
write address terminal commonly inputs a write ad- 
dress to Mth port address terminals of the M-port 
RAMs. The N x (M-1) data output terminals in- 
dependently output read data from data output ter- 
minals of the M-port I^Ms. 
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The present invention relates to a semiconduc- 
tor memory device consisting of a synchronous 
RAM (Random Access Memory) which is used in a 
semiconductor memory device consisting of a syn- 
chronous RAM and. more particularly, is capable of 
simultaneously performing write access of the 
same data at an arbitrary address and read access 
of a plurality of data. 

Rg. 4 is a block diagram showing a main part 
of a conventional semiconductor memory device 
consisting of a synchronous RAM. 

The conventional semiconductor memory de- 
vice includes a one-port RAM 49, a selector 48 for 
selectively Inputting an address, a serial/parallel 
converter 50 for serial/parallel-converting an output 
from the RAM 49, a data input terminal 41 for 
inputting input data Dl, a read/write terminal 42 for 
inputting an RA/V (read/write) control signal RA/7, a 
clock terminal 43 for inputting a clock signal CLK, a 
read address terminal 44 for Inputting a read ad- 
dress RADD(N) where N is a positive integer of 2 
or more, a read address terminal 45 for inputting a 
read address RADD(N-I), a write address terminal 
46 for inputting a write address WADD. an address 
select terminal 47 for inputting an address select 
signal SEL. a data output terminal (N) 51 for out- 
putting output data DO(N), a data output terminal 
(N-1) 52 for outputting output data DO(N-l), and a 
data output terminal (N-2) 53 for outputting output 
data Db(N-2). 

An operation of the conventional semiconductor 
memory device will be described below with refer- 
ence to operation timing charts shown in Figs. 5 A 
to 5G. Note that, for descriptive simplicity, Rgs. 5A 
to 5Q show a case wherein a condition N = 2 is 
satisfied. 

As shown in Rg. 4, when data at N different 
addresses are to be simultaneously extracted by a 
one-port RAM within one time slot, the following 
operation is performed. That is, as shown in Rg. 
5D, a clock signal CLK having a frequency of 
(N + 1) times is input to the one-port RAM 49 within 
one time slot of Input data in Rg. 5A, and even- 
numbered periods of the clock signal CLK are 
assigned to a read control signal as shown in Rg. 
5B. As shown in Rg. 5C. N multi-addresses 
switched by the selector 48 are accessed, data 
output and controlled in a sequence [Read (N). 
Read (N-1),..., Write] as shown in Rg. 5E is 
serial/parallel-converted by the serial/parallel con- 
verter 50, and as shown in Rgs. 5F and 5G, output 
data DO(N). DO(N-I),... are distributively output. 
Input data A and B shown in Fig. 5 A are written at 
the period of the last clock signal CLK within one 
time slot in accordance with the control signal of 
Fig. 58, 

As described above, when an arrangement 
uses the conventional one-port RAM shown in Fig, 



4. and data at N different addresses are to be 
simultaneously extracted within one time slot, a 
clock signal having a frequency of (N + 1) times 
must be input to the one-port RAM within one time 

5 slot. When the frequency of the clock signal is 
increased, the RAM may not be operated, or a 
high-performance RAM Is required. Therefore, the 
yield of LSIs is disadvantageously decreased. 
It is an object of the present invention to pro- 

10 vide a semiconductor device capable of simulta- 
neously performing write access of data at an 
arbitrary memory address and read access of a 
plurality of data without any increase in clock fre- 
quency. 

75 It is another object of the present invention to 

provide a semiconductor memory device requiring 
no high-performance RAM, 

In order to achieve the above objects, accord- 
ing to the present Invention, there is provided a 
20 semiconductor memory device comprising N M- 
port RAMs (where each of M and N Is a positive 
Integer of not less than two) which are operated in 
synchronization with a common clock signal, a data 
input terminal for commonly inputting write data to 
25 data input terminals of the M-port RAMs, N x (M-1) 
read address terminals for independently Inputting 
read addresses to first to (M-1)th port address 
terminals of the M-port RAMs, a write address 
terminal for commonly inputting a write address to 
30 Mth port address terminals of the M-port RAMs, 
and N x (M-1) data output terminals for indepen- 
dently outputting read data from data output termi- 
nals of the M-port RAMs, 

An embodiment of the present invention will be 
35 described below with reference to the accompany- 
ing drawings: 

Rg. 1 is a block diagram showing a semicon- 
ductor memory device according to an embodi- 
ment of the present invention; 
40 Fig. 2 is a block diagram showing a case 
wherein a condition N = M = 2 is satisfied in 
Rg. 1; 

Figs. 3A to 3G are timing charts for explaining 
an operation in Rg. 2; 
45 Rg. 4 is a block diagram showing a conventional 
semiconductor memory device; and 
Rgs. 5A to 5G are timing charts for explaining 
an operation in Rg. 4, 
Rg. 1 shows a main part of the embodiment of 
50 the present invention and a basic arrangement of 
the present invention. 

According to the first embodiment of the 
present invention, a semiconductor memory device 
includes a synchronous M-port RAM(N) 8 (where 
55 each of M and N is a positive integer of 2 or more), 
a synchronous M-port RAM(N-I) 9. a synchronous 
M-port RAM(N-2) 10. and a synchronous M-port 
RAM(N-3) 11 which are operated in synchronization 
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with a clock signal. An input terminal IN of each of 
the M-port RAM(N-I) 8, RAM(N-2) 9. RAM(N-2) 10. 
and RAM(N-3) 11 is connected to a data input 
terminal 1 for inputting input data Dl, and first port 
address terminals Pi of the RAM(N), RAM(N-I). 
RAM{N-2), and RAM(N-3) 8. 9. 10, and 11 are 
connected to a read address terminal (N) 2 for 
inputting a read address RADD(N). a read address 
terminal (N-1) 3 for inputting a read address RADD- 
(N-1), a read address terminal (N-2) 4 for inputting 
a read address RADD(N-2). and a read address 
terminal (N-3) 5 for inputting a read address RADD- 
(N-3), respectively. Each Mth-port address terminal 
Pm is connected to a write address terminal 6 for 
inputting a write address WADD, and each clock 
terminal CLK is connected to a clock terminal 7 for 
receiving a clock signal CLK. Output terminals OUT 
of the RAMs 8. 9, 10. and 11 are connected to a 
data output terminal (N) 12 for outputting output 
data DO(N). a data output terminal (N-1) 13 for 
outputting output data DO(N-I), a data output ter* 
minal (N-2) 14 for outputting output data D0(N-2). 
and a data output terminal (N-3) 15 for outputting 
output data D0(N-3), respectively. 

Rg. 2 shows a case wherein a condition N = 
M = 2 is satisfied in Fig. 1. 

In this emt)odiment. a semiconductor memory 
device includes a two-port RAM(2) 28 and a two- 
port RAM(1) 29. Input terminals IN of the two-port 
RAM(2) 28 and RAM(1) 29 are commonly con- 
nected to a data input terminal 21 for receiving 
input data Dl, and first port address terminals Pi of 
the FIAM(2) 28 and RAM(1) 29 are connected to a 
read address terminal (2) 22 for receiving a read 
address RADD(2) and a read address terminal (1) 
23 for receiving a read address RADD(1), respec- 
tively. Second port address terminals P2 of the 
RAM(2) 28 and RAM(1) 29 are commonly con- 
nected to a write address terminal 26 for receiving 
a write address WADD, each clock terminal OUT is 
connected to a clock terminal 27 for receiving a 
clock signal CLK, and output terminals OUT of the 
RAM(2) 28 and RAM{1) 29 are connected to a data 
output terminal (2) 32 for outputting output data 
D0(2) and a data output terminal (1) 33 for output- 
ting output data D0(1), respectively. 

An operation of this embodiment will be de- 
scribed below with reference to timing charts 
shown in Figs. 3A to 3G. 

In write access of data, the write address 
WADD is input from the write address terminal 26 
to the two-port RAM(2) 28 and RAM(1) 29 as 
shown in Rg. 3D. and the same data Dl which are 
represented as A and B in Fig. 3A are simulta- 
neously written from the data input terminal 21 at 
the same address. 

In read access of data, the read address 
RADD(2) is input from the read address terminal 



(2) 22 to the two-port RAM(2) 28 as shown in Fig. 
3B, and the read address RADD(1) different from 
the read address RADD(2) is input from the read 
address terminal (1) 23 to the two-port RAM(1) 29 

5 as shown in Rg. 3C. For this reason, the output 
data D0{2) is output from the two-port RAM(2) 28 
to the data output terminal (2) 23 as shown in Fig. 
3F, and the output data D0(1) different from the 
output data D0(2) is output from the two-port RAM- 

70 (1) 29 to the data output terminal (1) 33 as shown 
in Fig. 3G. 

That is. according to this embodiment, as 
shown in Fig. 3E, different data can be read at one 
clock timing within one time slot. In this case, the 

75 number of data which can be read at one clock 
timing Is given as N x (M-1) in a general arrange- 
ment shown in Rg. 1. 

in addition, when a condition N = M = 2 is 
satisfied in Rg. 1, since a two-port RAM is used. 

20 write access and read access can be simulta- 
neously performed. 

In addition to the above embodiment, an ar- 
rangement in which three or more two-port RAMs 
are used is effective to simultaneously output a 

25 large number of data. 

As described above, according to the present 
invention. N x (M-1) read address terminals and 
data output terminals which are independently ar- 
ranged are connected to the first to (M-I)th port 

30 address terminals and the read data output termi- 
nals of N M-port RAMs which are operated in 
synchronization with a clock, and a write address 
terminal and a data input terminal are commonly 
connected to each of the Mth port address terminal 

35 and the Mth data Input terminal. With the above 
arrangement, the following advantage can be ob- 
tained. N X (M-1) data can be read at one clock 
timing within one time slot, and at the same time, 
the same data can be written at an arbitrary ad- 

40 dress. 

According to the present invention, a high- 
performance RAM is not required, and the yield of 
LSIs can be increased. 

45 Claims 

1, A semiconductor memory device characterized 
by comprising: 

N M-port RAMs (8-11) (where each of M 
50 and N is a positive integer of not less than two) 

which are operated in synchronization with a 
common clock signal (CLK); 

a data input terminal (1) for commonly 
inputting write data to data input terminals (IN) 
55 of said M-port RAMs; 

N X (M-1) read address terminals (2 - 5) 
for independently inputting read addresses to 
first to (M-1)th port address terminals (Pi) of 
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said M-port RAMs; 

a write address terminal (6) for commonly 
inputting a write address to Mth port address 
terminals (Pm) of said M-port RAMs; and 

N X (M-1) data output terminals (12-15) s 
for independently outputting read data from 
data output terminals (OUT) of said M-port 
RAMs. 

A device according to claim 1, wherein a con- io 
dition M = 2 is satisfied. 

A device according to claim 1, wherein a con- 
dition N = M = 2 is satisfied. 



15 



A device according to claim 1 , 2 or 3, wherein 
the clock signal has one clock timing within 
one time slot. 
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